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A photoionization-efficiency spectrum of CH3SCH2Cl was measured over the wavelength range
108–142 nm by means of a photoionization mass spectrometer coupled to a synchrotron as the
source of radiation. Gaseous CH3SCH2Cl was generated in a discharge-flow reactor involving
Cl, Cl2, and CH3SCH3 at room temperature via these sequential reactions:
Cl1CH3SCH3→CH3SCH21HCl; CH3SCH21Cl2→CH3SCH2Cl1Cl. According to the PIE
spectrum of CH3SCH2Cl thus obtained, the ionization energy is (9.07760.007) eV. Based on
GAUSSIAN-2 calculations, the observed ionization of CH3SCH2Cl near the threshold region is
likely to form from singlet CH3SCH2Cl ionizing to doublet CH3SCH2Cl1; the calculated ionization
energy 9.064 eV agrees with the experimental value. The adiabatic ionization energy of CH3SCH2
and appearance energy of CH3SCH2
1 from CH3SCH2Cl were determined to be (6.88460.008) eV
and (10.00760.016) eV, respectively; the dissociation energy of the CH3SCH2–Cl bond is thus
derived to be (72.060.6) kcal mol21. © 2001 American Institute of Physics.
@DOI: 10.1063/1.1349078#I. INTRODUCTION
The natural sulfur-containing compound most abun-
dantly released into the atmosphere, dimethyl sulfide ~DMS!,
is produced by phytoplankton in the ocean.1–3 Oxidation of
DMS in the atmosphere might play an important role in the
global climate system. Its oxidation is initiated by OH
radical;4,5 oxidation products may form aerosols and nuclei
for cloud condensation, which can affect the radiative budget
of the atmosphere. Therefore, it is important to understand
the kinetics and mechanisms of DMS oxidation and to deter-
mine its oxidation products and intermediates.
Field measurements indicate that substantial photo-
chemical activity of chlorine species occurs in both the re-
mote marine boundary layer and coastal urban areas.6–8 In
comparison, for reactions of DMS with Cl and OH,
CH3SCH31Cl→products, ~1!
CH3SCH31OH→products, ~2!
the rate coefficients of reactions ~1! and ~2! at 298 K
are 3.3310210 and 6.5310212 cm3 molecules21 s21,
respectively.9,10 Chlorine atoms oxidize DMS 50 times more
rapidly than analogous reactions involving the OH radical.
Reaction of DMS with atomic Cl can thus play a significant
role in atmospheric chemistry, and its reaction products and
intermediates merit attention in atmospheric research.
a!Author to whom correspondence should be addressed. Electronic mail:
bmcheng@srrc.gov.tw4810021-9606/2001/114(11)/4817/7/$18.00
Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to Spectral information about species containing sulfur and
chlorine is lacking. In previous studies we have applied a
discharge-flow reactor with a photoionization mass spec-
trometer ~PIMS! coupled to a synchrotron as the source of
ionization to measure photoionization-efficiency ~PIE! spec-
tra and ionization energies ~IE! of HSCl, CH3SCl, and
C2H5SCl.11–13 In the present work on reaction products and
intermediates of sulfur compounds with chlorine, we inves-
tigated the photoionization spectrum of CH3SCH2Cl from
the reaction system Cl/Cl2 /CH3SCH3. To assess the reliabil-
ity of our experimental results, we employed ab initio calcu-
lations on CH3SCH2Cl and its cation using the
GAUSSIAN-2 ~G2! method. Predictions obtained from these
calculations are compared to the experimental results. From
the photoionization experiments the bond dissociation ener-
gies of CH3SCH2–H and CH3SCH2–Cl are also determined.
II. EXPERIMENTS AND THEORETICAL METHODS
A. Experiments
A photoionization mass spectrometer equipped with a
discharge-flow reactor used in this work is described in detail
elsewhere;11–15 only matters pertinent to this experiment are
explained here. Vacuum ultraviolet radiation for ionization
intersects with gaseous effluents within an extraction region
of an ion lens system that focuses ions on the entrance aper-
ture of a quadrupole mass spectrometer operated in the ion-
counting mode. Ionization photons are dispersed with a 1 m
Seya–Namioka monochromator at the 1.5 GeV storage ring
at the Synchrotron Radiation Research Center in Taiwan.167 © 2001 American Institute of Physics
AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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mal photon flux in a spectral range 105–185 nm. To suppress
radiation of second and higher orders from the grating, a LiF
window ~thickness 2 mm! was placed between the ionizing
chamber and the exit port of the monochromator. Slits of
width 0.05–0.2 mm are typical in spectral measurements,
corresponding to resolutions of 0.1–0.4 nm. Photoionization
spectra are normalized for intensity variation of the ionizing
source by procedures described previously.
CH3SCH2Cl was generated in the reaction system
Cl/Cl2 /CH3SCH3 via the sequential reactions:
Cl1CH3SCH3→CH3SCH21HCl; ~3a!
CH3SCH21Cl2→CH3SCH2Cl1Cl. ~4!
These reactions were conducted in a Pyrex flow tube ~length
30 cm, i.d. 25 mm!. To minimize possible surface reactions,
a Teflon tube ~i.d. 22 mm! was inserted into the flow tube. Cl
atoms were produced by flowing a mixture of He gas con-
taining Cl2 through a sidearm subjected to microwave dis-
charge. To reduce the background signal due to scattered
light, we arranged the discharged gas to flow through a right
angle that included a Wood’s horn. A mixture of CH3SCH3
and He was introduced into the flow tube through the mov-
able injector. Gaseous effluents from the flow tube were
sampled into an ionization region of a quadrupole mass spec-
trometer with differential pumping in three stages.
Typical experimental rates ~in STP cm3 s21! of flow
were as follows: He54 – 14, Cl250.1– 0.4, CH3SCH3
50.2– 0.5, He to carry Cl251 – 2, and He to carry
CH3SCH351 – 2. The pressure near the reaction region was
maintained between 0.7 and 1.5 Torr, resulting in flow
speeds in a range of 650–3350 cm s21 and reaction times in
the range of 8–47 ms. All experiments were carried out at
ambient temperature (29863) K. He ~Matheson,
.99.9995%! and Cl2 ~Matheson, .99.9%! were used di-
rectly without further purification. The liquid sample of
CH3SCH3 ~Aldrich, .99%! was outgassed thoroughly at 298
K, and the first fifth of the sample was discarded before the
remaining sample was used.
B. Computational methods
The energetics of CH3SCH2Cl and its cation
CH3SCH2Cl1 were computed with the GAUSSIAN-2
method17 ~G2! using the GAUSSIAN 98 program.18 The equi-
librium structures of the neutral molecule and the positive
ion were initially optimized at the Hartree–Fock ~HF! level
with the 6-31G(d) basis set. The zero-point vibrational
energy and harmonic frequencies were calculated at the iden-
tical level of theory and scaled with a factor 0.8929. Follow-
ing optimization using the full second-order Moller–Plesset
perturbation method ~full MP2! with the 6-31G(d) basis
set, an improved geometry of each species was obtained.
The G2 energy of CH3SCH2Cl1 was derived from the single-
point energy including QCISD~T!/6-311G(d ,p),
MP4/6-311G(d ,p), MP4/6-3111G(d ,p), MP4/6-311
1G(2d f ,p), and MP2/6-3111G(3d f ,2p) using the opti-
mized geometry at the MP2~full!/6-31G(d) level. The verti-
cal ionization energy ~VIE! was deduced from the energyDownloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to difference between the neutral molecule and its cation at the
equilibrium geometry of CH3SCH2Cl. Possible vibrational
excitation of the cation associated with a vertical transition
was not treated explicitly. The zero-point energy, which was
evaluated together with the harmonic frequencies from
HF/6-31G(d) and scaled with 0.8929 for an optimized ge-
ometry of the cation with a structure similar to that of the
neutral molecule, was thus used as an approximation. All
computational work was done on a Compaq Alpha worksta-
tion.
III. RESULTS AND DISCUSSION
A. Formation of products
The target molecule CH3SCH2Cl was generated in the
reaction system Cl/Cl2 /CH3SCH3 via sequential reactions
~3a! and ~4!. A characteristic mass spectrum obtained under
typical flow conditions in this reaction system with the wave-
length of ionizing radiation set at 124 nm ~10.0 eV! is dis-
played in Fig. 1. Photoions were detected in significant yield
at m/z562 (CH3 32SCH31), 63 (13CH3 32SCH31), 64
(CH3 34SCH31), 96 (CH3 32SCH2 35Cl1), and 98
(CH3 32SCH2 37Cl1, CH3 34SCH2 35Cl1). Except for ions
from the reactants, only ions from the CH3SCH2Cl product
were found to be significant in this system. Reaction ~3!
might proceed through the following channels:
Cl1CH3SCH3→CH3SCH21HCl, ~3a!
→CH3SCl1CH3, ~3b!
→CH3Cl1CH3S, ~3c!
→~CH3!2SCl. ~3d!
Reaction ~3! proceeds to form CH3SCH21HCl almost exclu-
sively through channel ~a! at 1 Torr and room
temperature.19–21 CH3SCH2 radicals were thus produced but
subsequently reacted rapidly with Cl2 to generate
CH3SCH2Cl. The CH3SCH2 radical may react with itself in
the reaction system. To avoid this side reaction and to maxi-
mize the signal of CH3SCH2Cl1, the radical CH3SCH2 must
react with excess Cl2 under suitable conditions of flow ve-
locity and position of movable injector through reaction ~4!.
FIG. 1. Mass spectrum in the reaction system Cl/Cl2 /CH3SCH3 at an exci-
tation wavelength of 124 nm ~10.0 eV!.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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1! are
absent. Ions at m/z596 ~CH3 32SCH2 35Cl1! were typically
3%–15% as intense as the parent ion with m/z
562 ~CH3 32SCH3
1! in this system.
B. IE of CH3SCH2
Although ions with m/z561~CH3SCH2
1! are absent un-
der normal conditions of reaction that favors production of
CH3SCH2Cl, they can be detected under conditions of small
Cl2 concentrations and short reaction times. Even under these
conditions, the signal of CH3SCH2
1 ion is small because the
reactivity of the radical is large. Figure 2 displays the ion
yield of m/z561 near the threshold region l5(172– 184)
nm from the reaction system Cl/Cl2 /CH3SCH3; this spec-
trum was obtained on monitoring the ion counts at m/z
561 that were normalized with respect to relative intensities
of the VUV source at varied wavelengths. The spectrum was
scanned with steps 0.1 nm at a slit width 0.1 mm, corre-
sponding to a nominal resolution about 0.2 nm. This spec-
trum has a gradually rising edge, presumably due to small
Franck–Condon factors near threshold. Therefore, in this
case it was necessary to determine the threshold from the
intersection of the baseline with the rising edge fitted to a
line. A threshold at (180.160.2) nm was obtained, which
corresponds to an ionization energy of (6.88460.008) eV.
The listed error includes the uncertainty from a nominal
resolution and deviation from the least-squares method that
was employed to fit the data points to a straight line. It is
important to mention that this determination of
IE~CH3SCH2! represents an upper limit for the IE because
structure was not observed in the photoionization spectrum
and a clear, steplike threshold was not obtained.
Stable isomers at m/z561 might exist in four conform-
ers, CH3CH2S, cis-CH3CHSH, trans-CH3CHSH, and
CH3SCH2. In our previous work, the PIE of CH3CH2S was
measured and its adiabatic IE was determined to be (8.971
60.007) eV.13 This value is 2.09 eV greater than the IE
obtained for m/z561 in this work; thus, CH3CH2S is not a
FIG. 2. Photoionization efficiency spectrum of CH3SCH2 (m/z561) at a
nominal resolution of 0.1 nm and with a step of 0.1 nm. CH3SCH2 was
produced in the reaction system Cl/Cl2 /CH3SCH3. An arrow indicates the
ionization energy of CH3SCH2.Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to candidate for the observed radical. The IE of cis-CH3CHSH,
trans-CH3CHSH, and CH3SCH2 are calculated to be 6.82,
6.81, and 6.85 eV, respectively.22 These three theoretical IE
are near the experimental value 6.884 eV. Baker and Dyke
produced the radical CH3SCH2 from a reaction of F with
CH3SCH3,
F1CH3SCH3→CH3SCH21HF, ~5!
and determined the IE of CH3SCH2 to be (6.8560.03) eV
from photoelectron spectra.23 This value agrees with the IE
obtained in the present study for m/z561, within experimen-
tal error. Assuming the same mechanism of hydrogen ab-
straction occurs in both reactions ~5! and ~3a!, we conclude
that the observed photoion at m/z561 is CH3SCH2
1 that re-
sults from direct ionization of the corresponding neutral,
CH3SCH2.
In this work, the IE values for doublet CH3SCH2 excited
to singlet CH3SCH2
1 and to triplet CH3SCH2
1 were calculated
to be 6.855 eV and 9.222 eV, respectively, as listed in Table
I. Accordingly, the photoion at m/z561 observed results
from a transition of neutral doublet CH3SCH2 to ionic singlet
CH3SCH2
1
. The theoretical difference of vertical and adia-
batic IE of neutral doublet CH3SCH2 to ionic singlet
CH3SCH2
1 is 0.259 eV, see Table I; for comparison, the cor-
responding difference for neutral doublet CH3CH2S and
ionic triplet CH3CH2S1 is 0.053 eV. The former is almost
five times larger than the latter. For CH3CH2S the threshold
of ionization has an abrupt and distinct step onset, as shown
in Fig. 2 of Ref. 13, whereas that of CH3SCH2 has a gradu-
ally rising edge. These experimental results are consistent
with those from theoretical calculations.
C. PIE spectrum and IE of CH3SCH2Cl
A PIE spectrum in the spectral range 108–142 nm of the
photoion at m/z596 in our reaction system appears in Fig.
3~a!. The spectrum was scanned with a 0.2 nm step size and
a slit width of 0.1 mm. A background ion-yield spectrum of
photoion at m/z596, under the same flow condition except
that the microwave discharge to produce the Cl atoms was
discontinued, showed only small and regular noise in a fea-
tureless structure for wavelengths greater than 108 nm.
Hence the PIE spectra displayed in Fig. 3 are those of
CH3SCH2Cl generated from the reaction and are free of in-
terference. The curve of photoion yield rises abruptly begin-
ning about 137 nm, and ascends continuously to a prominent
maximum at 132 nm, then declines gradually until 127 nm.
TABLE I. Predicted ionization energy IE and vertical IE of CH3SCH2,
CH3CH2S, and CH3SCH2Cl using the GAUSSIAN-2 method.
Structure Term Structure Term IE/eV Vertical IE/eV
CH3SCH2 2A9 CH3SCH21 1A8 6.855 7.144
CH3SCH2 2A9 CH3SCH21 3A8 9.222 9.893
CH3CH2Sa 2A9 CH3CH2S1 3A9 9.077 9.130
CH3SCH2Cl 1A8 CH3SCH2Cl1 2A9 9.064 9.143
CH3CH2SCla 1A8 CH3CH2SCl1 2A9 8.978 9.110
CH3CH2SCla 3A8 CH3CH2SCl1 2A9 6.981
aReference 13.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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possesses no feature to the end of the recorded region.
To improve the determination of the ionization energy of
CH3SCH2Cl, we performed detailed examination near the
threshold region. Figure 3~b! displays the threshold region of
CH3SCH2Cl in the wavelength range l5(132– 142) nm.
The spectrum was recorded at a nominal resolution of 0.1 nm
with a slit width of 0.05 mm and with a 0.1 nm step size. The
PIE spectrum near the threshold features a steplike onset at
the long-wavelength end, which is characteristic of direct
ionization. The threshold is thus determined by the midrise
FIG. 3. Photoionization efficiency spectrum of CH3SCH2Cl (m/z596)
from the reaction system Cl/Cl2 /CH3SCH3. ~a! At a nominal resolution of
0.2 nm and with a step of 0.2 nm over the spectral range 108–142 nm; ~b!
at a nominal resolution of 0.1 nm and with a step of 0.1 nm in the spectral
range 132–142 nm. The arrow indicates the ionization energy of
CH3SCH2Cl.Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to point, as indicated by the arrow in Fig. 3~b!, which is
(136.760.1) nm. This threshold corresponds to IE5(9.077
60.007) eV.
D. Comparison with theoretical calculations
Possible geometries of neutral CH3SCH2Cl and its cation
were calculated at the MP2~full!/6-31G(d) level, as depicted
in Fig. 4. Table II lists predicted energies and some impor-
tant parameters of these optimized structures, singlet
CH3SCH2Cl and doublet CH3SCH2Cl1. In our previous
studies, stable isomers of triplet neutral CH3SCl and
CH3CH2SCl were found with such calculations,12,13 but no
FIG. 4. Geometries of singlet CH3SCH2Cl and doublet CH3SCH2Cl1 opti-
mized at the MP2~full!/6-31G(d) level. Other important parameters of each
species are listed in Table II; the unit of bond length is angstroms.TABLE II. G2 energetics and important structural parameters of CH3SCH2Cl and CH3SCH2Cl1 optimized at the MP2~full!/6-31G(d) level.
Species Term EG2 /hartree
S–CH3
/Å
S–CH2
/Å
C–Cl
/Å
/S–C–Cl
/deg
/H–C–S
/deg
/C–S–C
/deg
Skeletal dihedral
/deg
CH3SCH2Cl 1A8 2936.517262 1.807 1.809 1.774 110.2 107.0 96.7 180.0~C–S–C–Cl!
CH3SCH2Cl1 2A9 2936.184162 1.786 1.813 1.745 110.5 107.8 101.8 180.0~C–S–C–Cl!AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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tained in the present work. This result implies that triplet
CH3SCH2Cl would not be produced in our reaction system
because of its instability.
Structures of both neutral CH3SCH2Cl and its cation
show Cs symmetry, as shown in Fig. 4. These two species
differ mostly in bond lengths C–Cl and S–CH3, and bond
angle /C–S–C; the longer are these bonds, the smaller are
the bond angles. The bonds C–Cl and S–CH3 in the neutral
species are 0.021 Å and 0.029 Å longer than those in the ion;
the bond angle /C–S–C of the neutral species is 5.1°
smaller than that of the ion. The calculated adiabatic and
vertical IE of CH3SCH2Cl are 9.064 eV and 9.143 eV, re-
spectively, as listed in Table I. The calculated IE 9.064 eV
agrees satisfactorily with the experimental value 9.077 eV.
Neutral CH3SCH2Cl undergoes a small structural change
upon ionization; this condition is reflected in the small dif-
ference between adiabatic and vertical IE, DE50.079 eV
~Table I!. This is also consistent with the distinct onset at the
ionization threshold in the PIE spectrum in Fig. 3.
The PIE spectrum near the threshold region has an un-
derlying vibrational structure; for some spectra we can ex-
tract vibrational information about cation and/or neutral spe-
cies from careful examination. In our work on CH3SCl, two
vibrational frequencies of singlet CH3SCl and one of doublet
CH3SCl1 were deduced;12 for CH3CH2SCl, a vibrational fre-
quency of doublet CH3CH2SCl1 was derived.13 Because of
rotational broadening and problems of signal-to-noise ratio,
the PIE spectrum of CH3SCH2Cl near the threshold region
yielded no further information for vibrational transition, as
shown in Fig. 3~b!. Harmonic frequencies calculated for neu-
tral CH3SCH2Cl and its cation at HF/6-31G(d) have positive
values, indicating that these optimized structures are at local
minima. Table III lists these theoretical values scaled by a
factor 0.8929 in increasing order.
TABLE III. Scaled vibrational frequencies in the unit of cm21 of singlet
CH3SCH2Cl and doublet CH3SCH2Cl1 calculated at HF/6-31G(d); a scal-
ing factor 0.8929 is applied throughout.
Vibrational mode 1A8 CH3SCH2Cl 2A9 CH3SCH2Cl1
1 66.3 45.3
2 174.2 100.4
3 177.9 176.7
4 278.5 277.2
5 694.4 632.7
6 705.3 648.5
7 766.0 778.8
8 870.6 789.3
9 966.7 894.9
10 980.1 995.9
11 1137.1 1128.5
12 1269.5 1268.9
13 1358.7 1351.3
14 1443.6 1398.0
15 1450.9 1406.7
16 1457.0 1410.8
17 2878.5 2880.1
18 2934.9 2918.7
19 2950.4 2969.1
20 2962.6 2986.3
21 2996.1 2999.4Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to From Mulliken population analysis of HF/6-311
1G(3d f ,2p) densities, atomic charges of CH3SCH2Cl and
CH3SCH2Cl1 are listed in Table IV, with those of
CH3CH2SCl and CH3CH2SCl1 for comparison.13 A Mul-
liken population analysis provides a rough idea about the
charge distribution in molecules. For the singlet state of
CH3SCH2Cl, the carbon atom next to the chlorine atom
bears a negative charge, whereas the corresponding carbon
atom next to sulfur atom in singlet CH3CH2SCl bears a posi-
tive charge. Negative charge density concentrates on the sul-
fur atom of CH3CH2SCl, which makes the adjacent chlorine
less negatively charged. In contrast, the chlorine atom of
CH3SCH2Cl bears most of the negative charge, consistent
with its more electrophilic property than the next carbon
atom. For the doublet state of CH3SCH2Cl1, positive charge
distributes mostly on the sulfur atom, whereas frontier chlo-
rine atom remains negatively charged because a carbon atom
separates S and Cl. The corresponding chlorine atom of dou-
blet CH3CH2SCl1 shares positive charge density with its ad-
jacent sulfur atom, so that both sulfur and chlorine atoms
become positively charged.
E. Appearance energy AE of CH3SCH2¿
The overall PIE spectrum of CH3SCH2
1 from the reac-
tion system is displayed in Fig. 5 over the wavelength range
108–184 nm. The spectrum was obtained with a 0.4 nm step
size and a slit width of 0.2 mm. As we discussed in Sec.
III B, the threshold for ionization of CH3SCH2 is at 180.1
nm. The photoion yield curve initially rises at around 180.0
nm in Fig. 5, and it ascends continuously to a maximum at
150 nm, then decreases to about 124 nm. At this point, the
photoion yield curve begins to increase again to about 114
nm where the photoion yield curve rises rapidly to 108 nm at
which recording ended. The photoion yield spectrum of
CH3SCH2
1 from the reaction system Cl/Cl2 /CH3SCH3 over
the wavelength range 108–184 nm thus features one broad
line at 150 nm and two discontinuities at 114 nm and 124
nm.
The photoion yield spectrum of CH3SCH2
1 from the
sample mixture of ;1.5%CH3SCH3 in He is shown in Fig.
6; the spectrum was recorded over the wavelength range
TABLE IV. Atomic charge densities of CH3SCH2Cl, C2H5SCl and their
cations.
Atomic charge densities
Species H1a C1 S C2 H2b Cl
1A8 CH3SCH2Cl 0.152 20.415 20.054 20.097 0.175 20.238
2A9 CH3SCH2Cl1 0.217 20.407 0.506 20.132 0.232 20.083
H1a C1 H2b C2 S Cl
1A8 CH3CH2SClc 0.149 20.488 0.143 0.032 20.194 20.083
2A9 CH3CH2SCl1c 0.185 20.424 0.201 20.050 0.302 0.215
aAverage charge of three hydrogen atoms.
bAverage charge of two hydrogen atoms.
cFrom Ref. 13.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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The observed CH3SCH2
1 is generated from photofragmenta-
tion of CH3SCH3 upon ionization,
CH3SCH31hn→CH3SCH211H1e2. ~6!
The appearance energy of CH3SCH2
1 from CH3SCH3 is de-
termined to be (10.86660.009) eV, (114.160.1) nm, as in-
dicated by the arrow in Fig. 6. The appearance wavelength of
CH3SCH2
1 from CH3SCH3 is (114.160.1)nm, which coin-
cides with a discontinuty in Fig. 5. Thus we conclude that the
discontinuity at 114 nm in the photoion yield curve for
CH3SCH2
1 from the reaction system Cl/Cl2 /CH3SCH3 results
from photofragmentation of the parent molecule CH3SCH3
upon ionization. Combining the determined value of the
adiabatic IE of CH3SCH2,
CH3SCH21hn→CH3SCH211e2, ~7!
FIG. 5. Photoion yield at m/z561 (CH3SCH21) from the reaction system
Cl/Cl2 /CH3SCH3 over the wavelength range 108–184 nm at a nominal reso-
lution of 0.4 nm and with a step of 0.2 nm. The upper curve is enlarged by
10 times.
FIG. 6. Photoion yield at m/z561 (CH3SCH21) from 1.5% CH3SCH3 in
He at a nominal resolution of 0.1 nm and with a step of 0.1 nm. The arrow
indicates the appearance energy of CH3SCH21 from CH3SCH3.Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to 6.88460.008 eV, we calculate the bond dissociation energy
of CH3SCH2–H to be 3.982 eV, corresponding to (91.8
60.2) kcal mol21. Ng and co-workers measured the distri-
bution of translational energy of H released in laser photo-
dissociation of CH3SCH3,
CH3SCH31hn→CH3SCH21H, ~8!
and obtained the dissociation energy of the CH3SCH2–H
bond to be (9162.5) kcal mol21.24 For the dissociation en-
ergy of the CH3SCH2–H bond, our experimental value
(91.860.2)kcal mol21 agrees satisfactorily with theirs. Con-
sidering the observed AE should be corrected for the internal
energy of the parent molecule in order to derive the bond
energy, the uncertainty in this correction needs to be in-
cluded and is estimated to be around 0.4 kcal mol21.25,26 We
thus issued the dissociation energy of the CH3SCH2–H bond
to be (91.860.6) kcal mol21.
The photoion yield for CH3SCH2
1 from the reaction sys-
tem Cl/Cl2 /CH3SCH3 in the wavelength range 108–132 nm
is depicted in detail in Fig. 7; the spectrum was measured
with 0.1 nm steps and a slit width of 0.1 mm. The inset
shows an expanded section of the spectrum in the wave-
length range 118–132 nm; two fitted lines intersect at
(123.960.2) nm, (10.00760.016) eV, and define more ac-
curately the other discontinuity in Fig. 5. This discontinuity
may result from photofragmentation of reaction product
CH3SCH2Cl upon ionization,
CH3SCH2Cl1hn→Cl1CH3SCH211e2. ~9!
Hence the appearance energy of CH3SCH2
1 from
CH3SCH2Cl is (10.00760.016) eV. With IE56.884 eV ob-
tained for CH3SCH2, we derive a dissociation energy of the
C–Cl bond in CH3SCH2Cl to be 3.123 eV, which corre-
sponds to (72.060.6) kcal mol21 including the uncertainty
from the internal energy.
FIG. 7. Photoion yield at m/z561 (CH3SCH21) from the reaction system
Cl/Cl2 /CH3SCH3 over the wavelength range 108–132 nm at a nominal reso-
lution of 0.1 nm and with a step of 0.1 nm. The spectrum in the wavelength
range 118–132 nm is shown in detail in the inset. The arrow indicates the
appearance energy of CH3SCH21 from CH3SCH2Cl.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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With a discharge-flow reactor, photoionization mass
spectrometer, and synchrotron radiation, we obtained the
photoionization spectrum of the product CH3SCH2Cl from
the system Cl/Cl2 /CH3SCH3 via these sequential reactions:
Cl1CH3SCH3→CH3SCH21HCl; CH3SCH21Cl2
→CH3SCH2Cl1Cl. The PIE spectrum of CH3SCH2Cl rises
abruptly beginning about 137 nm, and ascends continuously
to a prominent maximum at 132 nm, then declines until 127
nm before increasing again toward 108 nm. An ionization
energy (9.07760.007) eV of CH3SCH2Cl is derived from
the midrise point of the step onset in the PIE spectrum. Ac-
cording to results from calculations using the G2 method, the
observed ionization of CH3SCH2Cl near the onset is likely to
correspond to formation of ionic doublet CH3SCH2Cl1 from
neutral singlet CH3SCH2Cl upon ionization; our calculated
IE 9.064 eV agrees with the experimental value.
The adiabatic IE of CH3SCH2 and AE of CH3SCH2
1
from CH3SCH3 were determined to be (6.88460.008) eV
and (10.86660.009) eV, respectively; the bond dissociation
energy of CH3SCH2–H is thus derived to be (91.860.6)
kcal mol21. This result is consistent with the previous report
(9162.5) kcal mol21 obtained by Ng and co-workers.24 The
AE of CH3SCH2
1 from CH3SCH2Cl was determined to be
(10.00760.016) eV; the bond dissociation energy of
CH3SCH2–Cl is calculated to be (72.060.6) kcal mol21.
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